Introduction
============

Polycystic ovary syndrome (PCOS) is one of the most common female reproductive disorders affecting approximately 10% of reproductive age women. This population is at an extremely high risk of ovarian hyperstimualtion syndrome (OHSS). With the development of assisted reproductive technology (ART), there are more and more issues concerned about how to decrease or avoid OHSS. Currently, a gonadotropin-releasing hormone (GnRH) antagonist protocol is strongly recommended in PCOS, which became an important part of the guideline for OHSS prevention from the American Society for Reproductive Medicine as Grade A evidence level.^\[[@R1],[@R2]\]^

The GnRH antagonist protocol was undertaken for nearly 20 years in China. However, the clinical pregnancy rate was lower than that in the classic GnRH agonist long protocol by 8% to 10%.^\[[@R3],[@R4]\]^ There are many factors which affect the outcome, including ovarian response, protocol selection, trigger timing, and luteal phase support.^\[[@R5],[@R6]\]^ Some professors have proposed that the human chorionic gonadotropin (HCG) administration criteria in the GnRH antagonist protocol should be different from the GnRH agonist long protocol.^\[[@R7]\]^ The question as to whether it is better to delay or put forward the time of HCG administration in the different protocols remains elusive.

HCG administration for triggering the final oocyte maturation is the last and key procedure for controlled ovarian hyperstimulation (COH), but the optimal criteria of the HCG trigger for all patients in a variety of protocols is not available. Previously, HCG was administered when there was one or two leading follicles ≥18 mm or three follicles ≥17 mm in diameter. The number of dominant follicles was preferred as an important item for HCG administration. The number of pre-ovulatory follicles available at the end of ovarian stimulation may be not a reliable reflection of cycle prognosis. Obviously, it is not suitable for all patients with different ovarian reserve especially in PCOS with a high ovarian reserve and in different COH protocols.

PDF was proposed as it can reflect the overall follicle development. This study was based on the previous study after the advantage of PDF on HCG day.^\[[@R8]\]^ We retrospectively analyzed the different PDFs and clinical outcomes in PCOS of the different protocols and explored the role of PDF in the HCG triggering decision.

Methods
=======

Ethical approval
----------------

This study was approved by the Institutional Review Board at Sun Yat-sen Memorial Hospital (2016, No. 44). The data in this study were collected from the reproductive center of Sun Yat-sen Memorial Hospital between January, 2014 and December, 2016. There were a total of 371 cycles of the GnRH agonist luteal long protocol and 347 cycles of GnRH antagonist protocol in patients with PCOS. The PCOS diagnosis was according to the Rotterdam criteria in 2003. The baseline characteristics were compared including age, antral follicle count (AFC), anti-Mullerian hormone, baseline serum follicle stimulation hormone (FSH). The items such as the number of leading follicles ≥18 mm, the number of follicles ≥10 mm on HCG day, the mature oocytes rate, the fertilization rate, the clinical pregnancy rate, and moderate/severe OHSS rate were compared. We excluded cycles cancelled before HCG triggering.

GnRH agonist long protocol
--------------------------

Long-acting GnRHa (0.93--1.25 mg intramuscular \[i.m.\] once; IPSEN, Paris, France) or a short-acting GnRHa (0.1 mg i.m. per day until HCG day; IPSEN) was usually administered on the 18th to 22nd days of menstrual cycle (5--7 days after ovulation) after the corpus luteum detected on the vaginal ultrasound, if necessary, we measured serum progesterone level to determine the ovulation. Two to 3 weeks later, the vaginal ultrasound and blood hormones test (FSH, luteinizing hormone \[LH\], estradiol \[E~2~\]) were necessary. Gonadotropin 100 to 300 U/day can be administered when the results fully reached the pituitary complete down-regulation criteria. Every 3 to 5 days, the ultrasound and blood hormones were monitored to evaluate follicular development, when at least one follicle ≥18 mm or 3 follicles ≥17 mm in diameter emerges, HCG (Livon, China) 4000 to 10,000 U or GnRHa (IPSEN) 0.2 mg can be used as a trigger. Thirty-six to 38 h later, the vaginal oocyte retrieval was performed, embryos were cultured until the 3rd to 5th day, and then the embryo transfer was performed. Corpus luteal support began from the oocyte recovery with a progesterone intramuscular injection 60 mg/day or progesterone capsules 600 mg/day trans-vaginal until the day of pregnancy test.

GnRH antagonist protocol
------------------------

On the 2nd or 3rd day of menstrual cycle, the sex hormones FSH, LH, E~2~, and the vaginal ultrasound were performed to evaluate the bilateral ovarian follicular condition. Gonadotropin 75 to 300 U/day was administered for ovarian stimulation, every 3 to 5 days to monitor ultrasound and blood hormones to evaluate follicular growth. GnRH antagonist was added according to the flexible or fixed protocol. When at least one follicle ≥18 mm or 3 follicles ≥17 mm in diameter merged, HCG (Livon) 4000 to 10,000 U or GnRHa (IPSEN) 0.2 mg was administered to trigger the oocyte final maturation. The oocyte retrieval, embryo transfer, and a luteal support regime were the same as in the GnRH agonist long protocol.

Measurements
------------

PDF was obtained by the number of ≥18 mm follicles/number of ≥10 mm follicles on the HCG day. We divided the cycles into three sub-groups according to PDF in the GnRH agonist long protocol and the GnRH antagonist protocol, respectively. The tertile borderline of ≥18/≥10 mm follicles proportion was 20% and 40%, respectively. Proportion of leading follicles more than 18 mm on HCG day more than 40% was set high PDF, and medium PDF: between 20% and 40%, low PDF was less than 20%.

The primary outcome of interest was the clinical pregnancy rate. The secondary measurements were the mature oocyte rate, the normally fertilized rate, and the rate of moderate and severe OHSS. We also analyzed the individual characteristics of cycles.

Statistical analysis
--------------------

The data was subjected to a normality test using the one-sample Kolmogorov-Smirnov method. The variance homogeneity test was performed on the measurement data. Normal distribution data were presented as mean ± standard deviation (SD), and non-normal distribution data were presented by median (Q1--Q3). The variance homogeneity data were analyzed by analysis of variance (ANOVA); the comparison between the two was analyzed by least significant difference and Tamhane method. The Chi-square test is used for qualitative data and is expressed as a percentage. Baseline and demographic characteristics were analyzed by ANOVA, the results were showed with mean ± SD, and a Chi-square test was used for categorical data such as clinical pregnancy rate. Non-normal distribution data were analysed by Kruskal-Wallis test. Logistic regression analysis, forward Likelihood ratio (LR), and indicators related to clinical pregnancy were observed. All data were tested at the two-sided level of 0.05. Analysis was performed using SPSS version 19.0 (IBM^®^ SPSS^®^ Statistics, International Business Machines Corp, Chicago, IL, USA).

Results
=======

Comparison of baseline data of patients
---------------------------------------

In GnRH agonist long protocol and GnRH antagonist protocol, the basic clinical data such as age, body mass index, basal FSH, LH, testosterone, and AFC were compared between the three groups. There were no statistical differences in these basic characteristics and serum hormones on the HCG day among the three groups of different PDFs. Only in GnRH antagonist protocol, serum E2 on the HCG day in low PDF group was statistically significantly higher than the other groups \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Analysis of basic characteristics of patients in GnRH agonist long protocol.

![](cm9-132-1448-g001)

###### 

Analysis of basic characteristics of patients in GnRH antagonist protocol.
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Comparison of embryo culture and outcome measurements
-----------------------------------------------------

In GnRH agonist long protocol, the rate of normally fertilized oocytes was highest in group A (59.74 ± 31.21 *vs.* 49.70 ± 37.95, 49.67 ± 36.62; *F* = 3.743, *P* = 0.025). There was no significant difference in the rate of top-quality embryos, the clinical pregnancy rate among the groups. The clinical pregnancy rate was similar in three groups (63.6%, 62.5%, 67.5%, *χ*^*2*^ = 0.989, *P* = 0.911). While the implantation rate was comparable in the three groups, the implantation rate in Group C was lower than those in other two groups (35.8% *vs.* 47.7%, 46.7%, *χ*^2^ = 3.600, *P* = 0.165). The moderate and severe OHSS rate increased statistically significantly with an increase in PDF, which was highest in group C \[Table [3](#T3){ref-type="table"}\].
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Analysis of outcomes of patients in GnRH agonist long protocol.
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In GnRH antagonist protocol, there was no significant difference in the rate of top-quality embryos, the rate of normally fertilized oocytes, the clinical pregnancy rate, the implantation rate, and moderate and severe OHSS rate between groups. The clinical pregnancy rate in Group C was higher than that in Group A (57.9% *vs.* 46.6%, *χ*^2^ = 10.850, *P* = 0.093) \[Table [4](#T4){ref-type="table"}\].
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Analysis outcomes of patients in GnRH antagonist protocol.
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Logistic regression analysis of factors associated with clinical pregnancy rate
-------------------------------------------------------------------------------

In the GnRH agonist long protocol, only the total dose of the HCG trigger and AFC were associated with the clinical pregnancy rate, but it was not statistically significantly \[Table [5](#T5){ref-type="table"}\].

###### 

Logistic regression on clinical pregnancy rate in GnRH agonist long protocol (*n* = 371).
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In the GnRH antagonist protocol, the number of available embryos was associated with the clinical pregnancy rate (odds ratio = 1.320) \[Table [6](#T6){ref-type="table"}\].

###### 

Logistic regression on clinical pregnancy rate in GnRH antagonist protocol (*n* = 347).
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Discussion
==========

In the ovulation cycle, HCG was administered to induce ovulation when the follicles had reached 18 to 22 mm in diameter; the administration time was based on the follicle diameter to determine the oocyte maturity. The timing of the administration of HCG plays a vital part in *in vitro* fertilization/intra-cytoplasmic sperm injection cycles. Premature administration can lead to follicular atresia, delayed administration can cause follicular aging and a decrease in endometrial receptivity, and it may increase the rate of OHSS. Patients with PCOS were characterized by a high ovarian reserve and a good ovarian response to FSH. In COH of patients with PCOS, a large cohort of medium size follicles are easily seen on HCG day, if the trigger time is postponed and PDF increases, the serum E2 level and OHSS risk increase statistically significantly accordingly. However, early triggering may affect the oocyte maturity. The clinical phenomenon shows that large follicles (diameter greater than 23 mm) yield a low oocyte recovery rate. Medium size follicles (between 16 and 18 mm) yield the most transferable (transferred or cryopreserved) embryos compared with the small or large size follicular groups.^\[[@R9]\]^ The traditional criteria is according to 2 to 3 follicles ≥17 to 18 mm on HCG day to determine the timing of the HCG injection for all patients. However, there may be a bias and limitation. If young patients with a high ovarian reserve such as in PCOS undertake the same criteria for HCG injection, the follow-up of the pregnancy outcome in different ovarian stimulation protocols may be completely different. Hence, the proportion of dominant follicles which is used to determine the time of HCG injection may be not suitable for PCOS, in all the protocols. It is necessary to explore the item for the individual HCG injection timing.

In 2014, we proposed the use of HCG on the proportion of mature follicles (the number of ≥18/≥10 mm follicles) to study the effect of different proportions on oocyte development and pregnancy outcome on the HCG day. And this retrospective study analyzed outcomes in different PDF of PCOS with different protocols, and further explored the most suitable PDF for HCG injection in PCOS. In our previous study concerned male factor infertility patients excluding PCOS, we found that the high oocyte maturation rate was statistically significantly increased in the high proportion group,^\[[@R8]\]^ but the embryo quality, implantation rate, and pregnancy rate decreased. GnRHa long protocol takes advantage of complete inhibition of hypothalamic-pituitary-ovarian (HPO)axis, the number of oocytes and pregnancy outcomes are closely related to postpone HCG injection.^\[[@R10]\]^ The impact of low luteinization on the endometrium is limited. The effect of the antagonist protocol on the HPO axis is small. The oocyte growth is faster. The time of HCG injection may affect the number of oocytes and the subsequent embryo development. A delayed HCG injection, increased of mature oocyte rate, but did not increase the clinical pregnancy rate and may have increased the OHSS rate. Studies have suggested that it may be better for the clinical outcome to increase the proportion of mature follicles in the antagonist protocol.^\[[@R11]\]^ The results suggest that it is good for the clinical outcome to increase the proportion of dominant follicles in PCOS.

Actually the oocytes retrieved are from a cohort of follicles not only just from 2 to 3 leading follicles, the proposal of PDF was based on the target cohort follicles. As the total number of follicles on HCG day, including some small follicles, such as number of ≥10 mm follicles has a big individual difference on the protocol differences. The dominant follicle usually begins at a size of 10 mm during the stimulation, so the 10 mm follicles are chosen as the denominator of the PDF because it can better reflect the target cohort of follicle\'s development. PDF can be a good item for HCG trigger time decision. In order to optimize the advantages of PDF, we retrospectively analyzed the large sample of clinical data in different stimulation protocols to guide clinical decision making on HCG triggering in PCOS.

The retrospective study showed that the clinical outcome was not affected in the different PDF groups in the GnRH agonist long protocol. Delaying the HCG trigger has no positive effect on the clinical pregnancy of fresh cycles, but the risk of OHSS may increase in patients with PCOS. In the GnRH antagonist protocol, the number of ≥18/≥10 mm follicles on HCG day less than 20% was unfavorable to the clinical pregnancy rate of fresh cycles in the patients with PCOS.

In order to balance the OHSS risk and clinical pregnancy in fresh cycles, a PDF of 20% to 40% may be recommended in PCOS either in GnRH agonist long protocol or GnRH antagonist protocol. However in GnRH antagonist protocol, results showed that the clinical pregnancy rate decreased in low PDF group. Based on the sub-analysis, we proposed the following reasons:

First, the rate of cycle cancelled due to OHSS risk was highest in the low PDF group. There may be a bias in patients selection in this retrospective study. Second, the rate of GnRHa trigger was highest in the low PDF group. It could not exclude the negative effect of GnRHa trigger on luteal phase function and endometrial receptivity. Last, earlier trigger may affect the maturity synchronization of the oocyte nucleus and cytoplasm, as HCG/LH/GnRHa trigger is closely related to the maturity of oocyte nucleus.

The PDF on HCG day can reflect the synchronization of follicular development; a delayed HCG injection can increase the rate of mature oocytes, but early progesterone elevation may appear, and endometrial receptivity is affected. The appropriate PDF on the HCG day, can make the appropriate number of oocytes, synchronized maturation of the cytoplasm and the nucleus, the number of high-quality embryos to ensure the outcome of pregnancy. Previously, some scholars have proposed the concept of follicle output rate.^\[[@R12]--[@R14]\]^ In our view, the number and quality of follicles on HCG day is the key factor that affects the outcome of the ART. At present, the relevant research is very rare, how to seize the specific population such as PCOS, the optimum PDF on the HCG day to ensure the prognosis of patients is one of the purposes of this study.

We clearly know the limitations of this study. It was a retrospective study, so some confounding bias may exist. The PDF was based on the measurements by ultrasound, which may be affected by different operators. A large size, multi-center and strictly designed randomized study is needed.

Funding
=======

This study was supported by the grants from the National Natural Science Funding (No. 81671523), the Natural Science Funding of Guangdong Province (No. 4210015092 and No. 2017A030313895), and the Funding of Yat-sen Scholarship for Young Scientist.

Conflicts of interest
=====================

None.

**How to cite this article:** Lin HY, Li Y, Wang WJ, Qiu Q, Zhang QX, Li Y. Role of the proportion of dominant follicles in patients with polycystic ovary syndrome undergoing *in vitro* fertilization-embryo transfer. Chin Med J 2019;00:00--00. doi: 10.1097/CM9.0000000000000246
